ABSTRACT ABSTRACT ABSTRACT ABSTRACT. In this paper six new copoly(amide-imide)s (7a-f) were synthesized through the direct polycondensation reaction of N,N'-(4,4'-diphenylsulfone)bistrimellitimide (1) with 4,4'-diamino diphenylsulfone (2), 4,4'-diamino diphenylether (3), in the presence of adipic acid (4), fumaric acid (5) or terephthalic acid (6) as the second diacid in a medium consisting of N-methyl-2-pyrrolidone, triphenyl phosphite, calcium chloride and pyridine. The resulted polymers were fully characterized by means of FTIR spectroscopy, elemental analyses, inherent viscosity, solubility tests and UV-vis spectroscopy. Thermal stabilities of resulted polymers (7a-c) containing three different second diacids were compared by using TGA and DTG thermograms.
INTRODUCTION
Aromatic polyimides (PIs) are well known for their excellent thermal stabilities, electric insulation properties, and chemical resistance. However, their applications are limited because of their high softening or melting temperatures and insoluble nature in most organic solvents [1] [2] . To overcome these drawbacks, PI structures are often modified. One method uses copolymerization to synthesize copolymers to improve the processing ability, such as poly(amide-imide)s and copoly(amide-imide)s [3] [4] [5] [6] [7] . PAIs have the advantages of both PAs and PIs and possess thermal stability balanced with processability. These polymers can be synthesized from various aromatic monomers containing anhydrides, carboxylic acids, and aromatic diamines by condensation [8] [9] [10] [11] . Among various methods for polyamidation reaction, direct polycondensation methods have been developed by several investigators and especially by Yamazaki and Higashi [12] [13] [14] [15] . In these methods, preparation and isolation of acid chlorides are not required and the reactions proceed as one pot path-way using the free dicarboxylic acid, diamines in the presence of various activating agents.
In this article six new copoly(amide-imide)s (7a-f) were synthesized through the direct polycondensation reaction of N,N'-(4,4'-diphenylsulfone)bistrimellitimide (1) with 4,4'-diamino diphenylsulfone (2), 4,4'-diamino diphenylether (3) , in the presence of adipic acid (4), fumaric acid (5) or terephthalic acid (6) as the second diacid in a medium consisting of N-methyl-2-pyrrolidone, triphenyl phosphite, calcium chloride and pyridine.
EXPERIMENTAL
Materials. 4,4'-diamino diphenylsulfone (2), 4,4'-diamino diphenylether (3), adipic acid (4), fumaric acid (5), terephthalic acid (6), triphenyl phosphite (TPP), N-methyl-2-pyrrolidone and pyridine were purchased from Merck Chemical Company and used without further purification.
Also commercially available calcium chloride (CaCl 2 ) was purchased from Merck Chemical Company and dried under vacuum at 150 ºC for 6 h.
Measurements. Fourier transform infrared (FTIR) spectra were recorded on Galaxy series FTIR 5000 spectrophotometer (UK) as KBr pellets. Vibrational transition frequencies are reported in wave number (cm -1 ). Band intensities are assigned as weak (w), medium (m), shoulder (sh), strong (s) and broad (br). Inherent viscosities were measured by a standard procedure by using a Technico® Merk Viscometer. Thermal gravimetric analysis (TGA and DTG) data for polymers were taken on a Mettler TA4000 System under N 2 atmosphere at a rate of 10 o C/min. Elemental analyses were measured in Arak Petrochemical Company Laboratories, Arak, Iran. UV-vis absorptions were recorded at 25 o C in the 190-790 nm spectral regions with a Perkin-Elmer Lambda 15 spectrophotometer on DMF solution by using cell lengths of 1 cm.
Monomer synthesis. N,N'-(4,4'-diphenylsulfone)bistrimellitimide (1) was prepared according to our previous works [16] .
Polymer synthesis. In a 100 mL round bottomed flask were placed a mixture of N,N'-(4,4'-diphenylsulfone)bistrimellitimide (1) (0.16 mmol), second diacid 4, 5 or 6 (0.16 mmol), diamine 2 or 3 (0.32 mmol), 0.10 g of calcium chloride, 0.84 mL of triphenyl phosphite, 0.2 mL of pyridine and 3 mL NMP. The mixture was heated for 1 h at 60 ºC, 2 h at 90 ºC and then refluxed at 130 ºC for 8 h until a viscose solution was formed. Then it was cooled to room temperature and 30 mL of methanol was added to reaction mixture. The precipitate was formed, filtered off and washed with methanol. The resulting polymers (7a-f) were dried under vacuum.
RESULTS AND DISCUSSION
Monomer Synthesis. N,N'-(4,4'-diphenylsulfone)bistrimellitimide (1) was prepared in a one pot reaction sequence. Diacid (1) was synthesized through the condensation reaction of two equivalent trimellitic anhydride with one equivalent of 4,4'-diamino diphenylsulfone (2) in glacial acetic acid as solvent. After cooling the reaction mixture, the residue was dissolved in cold s water until a gummy solid was provided a white solid with the addition of excess water.
Polymer synthesis. Copoly(amide-imide)s (7a-f) were synthesized by the direct solution polycondensation reaction of an equimolar mixture of diacid (1) and diacids (4-6) with two moles of aromatic diamines (2, 3) by using triphenyl phosphate (TPP) and pyridine as a condensing agents (Scheme 1). The synthesis and some physical properties of these CoPAIs (7a-f) are given in Table 1 . All the polymers were obtained in moderate to good yields and had inherent viscosities between 0.42-0.60 dLg -1 . Polymer characterization. The polymers were confirmed to be CoPAIs by using FTIR spectroscopy and elemental analyses. FTIR spectra for all CoPAIs showed similar patterns that summarized in Table 2 . These polymers showed the C=O asymmetric stretching of imide around 1770 cm -1 , the C=O symmetric stretching of imide and amide groups around 1715 cm , which shows the presence of the heterocyclic imide groups. The elemental analysis values of the CoPAIs (7d-f) were in good agreement with the calculated values for the proposed structures (Table 3) . Table 2 . FTIR Characterization of CoPAIs (7a-f). The solubility of CoPAIs (7a-f) was investigated with 0.05g polymeric samples in 1 mL of a solvent. All these CoPAIs were soluble in organic solvents such as N,N-dimethylformamide (DMF), N,N-dimethylacetamide (DMAc), DMSO, NMP and chloroform at room temperature and were insoluble in solvents such as ethanol, MeOH, acetone, THF, methylene chloride and water. Thermal properties. The thermal properties of three resulted polymers (7a-c) containing three different second diacids such as adipic, fumaric and terephthalic acids were investigated with TGA and DTG in nitrogen atmosphere at a rate of heating of 10 o C/min, and thermal data are summarized in Table 5 . The initial decomposition temperatures of 5 and 10% weight losses (T 5 and T 10 ) and the char yields at 600 o C for them are summarized in Table 5 . These polymers exhibited moderate to good resistance to thermal decomposition, up to 282-355 °C in nitrogen, and began to decompose gradually that temperature. T 5 for these polymers ranged from 282-355 °C and T 10 for theme ranged from 350-433 °C, and residual weights for these polymers at 600 o C ranged from 39.5, 14.5 and 10.0% in nitrogen, respectively. According to the results thermal stability of these polymers related to the second diacid in the main chain. According to the thermal stability results of these polymers related to the second diacid in the main chain. Thermal stability of polymer 7c with terephthalic acid and sulfone moiety was higher than other polymers, because this polymer has a rigid aromatic structure in the main chain. Also polymer containing fumaric acid has higher thermal stability in compare to polymer with adipic acid as second diacid and CoPAs 7a-c containing sulfone moiety have good thermal stability because these polymers have a rigid and polar moiety in the diamine structure such as sulfone moiety. 
CONCLUSIONS
In this work, six new thermally stable copoly(amide-imide)s (7a-f) were synthesized through the direct polycondensation reaction of N,N'-(4,4'-diphenylsulfone)bistrimellitimide (1) with 4,4'-diamino diphenylsulfone (2), 4,4'-diamino diphenylether (3) , in the presence of adipic acid (4), fumaric acid (5) or terephthalic acid (6) as the second diacids in a medium consisting of Nmethyl-2-pyrrolidone, triphenyl phosphite, calcium chloride and pyridine. The presence of sulfone groups, terephthalic, fumaric and adipic acids moieties into the backbone increased solubility of these polymers in common organic solvent in compare to aromatic polyimide. These properties could make these CoPAIs attractive for practical applications, such as processable high-performance engineering plastics.
